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1.0 GENERAL INFOPMATION

1.1 ABSTRACT

This document provides the final test report for the Structural Static
Confirmation Tests of integrated structural components of the Minuteman
LGM 30G missile. The primary purposes of the test program were to: i)
confirm structural compatibility of integrated structure, 2) determine
ultimate load capability, 3) obtain load deflection characteristics.
Static tests were conducted on integrated -Stage III/PBV R&D and Operational
stackups and Stage II Fwd/ II-Iii Interstage/Stage III stacku2. Various
critical combinations of external and internai pressure, axial load, mo-
ment, shear and heat were applied to the structure simulating the silo
launch condition and powered flight conditions.

1.2 LIST OF KEY WORDS

_jz Confirmation Test PBPS
0- Flight Condition PBV-

cc Integrated Test Programmed Loads
II-Iii Interstage Programmed Temperatures
Joint Stiffness Re-Entry System
Launch Condition R/S Frustum
MGS R/S Shroud
Minuteman Stage III Motor
Missile Section Stiffness Stage III/PBV Separation Joint
Mod 7E Static Test

o PBCS
W
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1.4 SONAIARY

The R&D configuraticn rests (332 Series tests) and the operationai confi-
uration tests (333 Series tests and 345-F tests) successfully sustained the
100-. le7el test loads -zithout failure or evidence of detrimental yield-
ing. The test specimens -which ezee subjected to the failure -"st cenditions

successfully sustair-d loads in excess of 100% test lozds before failure.

Pased on the successful test results docuieunted herein, the Static Confirm-
ation Test Prograz de-oastrated that the new Finuteman III missile ca=:p--
ents -will sustain launch and po-ered fiint loads -th,iout failure or detti-
mental yielding and satisfied the objectives of the test program.

A s--ary of ultimate capabilit-Y of missile conpononts demonstrated by d--s-
truction tests are sho-a i.n th-'e table belo-.r. The values are stated irA
terms of percentages of tnwo sets of design ult-;te load criteria: (1)
design ultimate loads per test plan and. (2) design ultia=te loads per 3SD

Exhi.i ; 66,-6A

FLICE? ~ ~ ~ t 1ODC~I1~I LAIXCai 1L-OAD CONDITiG O 0 UN AI-LPf'A -SUCTJRAL % Or DESIGN MLT.--E LOAM ?. 11
jOEO-l 0? B5D 6--A1- TEST PLAN 1> I 5SD 66-6A

"F'OGr'S 120 97 137 " 12S

PBPS 11 ! 0 135 127
STG III FD. 19 100 135 131

a- IIl L-TER.TAE 132 116 See Reference 10 Section 4
i Flight Loads crnsisE of z ined axial compression,shear & bending

v Launch Loads consist of comnined axial coression plus overpressure.
Design ultimate test loads (reference 1) were based on loads resulting
from fin flight trajectories and launch enviromnents.
BSD EXHIBIT 66-6A loads were based on early preliminary flight traject-
ories and lau.ch enviroent.

A surgery of the test program including applied rest loads is shown in
Table 1.4-1 page 106. Table l.1-2 page 107, shows the =xirum loads al-
plied to each missile section.

Stiffness determination tests were conducted on all test stack-ups to obtain
load-deflection characteristics. This phase of the test program is presen-
ted in Section 7 beginning on page 700. Stiffness results are tabulated in
Tables 7.6-1 through 7.6-5 on pages 720 through 723. Conclusions and rec-
o--endations are as follows:

1. Tha local rotation or bulging or the Minuteman joints has been identified
as an important contributor to the stiffness of joints.

2. The joint rotation effect can lead to erroneous readings with the present

method of electronic deflection indicator (EDI) measurement.

3. Stiffness measurements on future testing should include instrumentation
to measure local rotation of the EDI attachment clips.

SHEET 104L
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-( t1.4 SbARY (Continued)

4. The test stiffness values obtained for the Stage ili motor and the
joints fo-ard of the Stage II motor should be used in fL-ire ana-
lytical studies.

5. The test stiffness values for the II-Ill inters age and the missile
sections forvmrd of the third stage motor should not be used without
correcting for joint rotation.

6. It is recomended that further analysis be performed to establish
models for stiffness evaluation of .Minuteman missile joints.

0

-t

.-j
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TAB 1.4-1 Smfy'A.

jMAZ 0 APPIED T
TEST TET 5Tn SPEM TEST CONDITIONS 1
NIJm' R WE 'kips 'in-kips Vki-

3Y-L 7-9-68 BR/S F-JS T4 & SHROUD
MOD 7E, I.S, FBFS SiO LAUNCH 54.63 --
STAGE III F'D. SKIRT (STAGS I IGNITION)

333-1 7-18-68 B/s FnRsrm & SHROUD
XGS, PBPS, STAGE III SILO LAUNCH TO
YID SM DZSTMJCT iON 76.8 -

332-F ( 6-20-68 R/S FlrJUSV & SHROUD,
332-F (b 6-18-68 MOD 7E, -S, PBPS, I WI) SHEAR (MAX qe) 15.2 827 12.

STAGE 131 MOOR Wrl] SH R (MAX qo) 15.2 841 12.

WIN SEAR (MAX qcc) 20.9 1466.8 15.,
R/S FRUS2 M & MAX. AIAL LOAD FACTOR 18.5 526.6 5-

.3_-F 6-5-68 SHROUD, MGS, PBPS, STAGE II IGNITION 26.0 754.1 8..
PHASE I STAGE III MOTOR (58.6 SEC)

STAGE II IG=TION 25.0 755.0 8.2
(68.6 sc)

STAGE II BJRNOUT 12.9 15.5 0.,
6-ii-68 R/S FRUSTUMt, YLS, PBPS, STAGE Il IGNITION 20.55 186.2 1.

PHASE II STAGE III MOTOR STAGE III THRUST Tmm. 22.11 41.76 0.1

6-25-68 SAME AS FOR PROGRA4- ESTRUCTION 24.81 1535 16.*
MSTRU NED TEST, PHASE I i

WIND SHEAR (MAX qot) 68.2 2530 lo.3145-F 4-1o-68 STAGE II MOTOR, MAX. AXIAL LOAD FACTOR 88.2 650 2.:
II-III INTERSTAGE STAGE II IGNITION 106.9 1122 3.
STAGE II FW SKIRT STAGE II BURNOUT 50 227 0.(

SAME AS FOk PROGRAM- IESTRUCTION 87.6 3291 13.
MED TEST

> STAGE III MOTOR INTERNAL PRESSURE

> A TEST NUMBER SCHEME WAS ESTABLISHED BASED
ON THE FOLLOWING EXAIPLE:~332-L

TL SILO LAUNCH CONDIT':ONfj --SECTION 32 (MOD 7E) INCLUDED
LMINUTEMAN III MISSILE

U3 4802 1435 ORIG. 4.45
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SW.1-0i 0? TEST PR, -PM

APPLIE Tg.z' LOADS

T .. 0

LW ._ STA-r MT ?,hum i moN s=0of-kp 'li P3 i 'Ps

-- 2.1 29.3" Bo NONE 0

BUCMMOl Ilf THE

---.80 225.3" NO W3., FES AND 3.0
____ _____ ___ _____STAGv III FWJD.

12.75 28 00' 225.3" o NoNE 4.o
___ 12.83 28 --- 30 30' 225.3 n o NE.o

Xo. 15.4 28 36.301 257.4- YES NRo.E DUIN 5.0
-- __.6 5-5 28 --- 36' 30' 25734" O VM PORTION

j 8.1 2 303' 257.4" YES

5.o 8.2 28 --- 36 30' 257. " YES

S5.5 0.9.3 28 --- 36"30' 257.4n YES

,2 1.73 561 36'30' 257.4" YES
1.76 0.376 628 --- *63o' 257.4" 1 :

5 16.3. 28 36301 257." NO I AFT END OF STAGE
III MOTOR CASE

10.32 28 --- 70' 359 YES NO= 6.o
2.: 9 28 70* 359" YES
3.53 23 70" 359" YES
0.0 28 --- 70°  359" YES

13.3 28 --- 70- 359" .0 AFT BAY OF II-III
I TAG
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The test objectives were:

a. To confirm that the Stage III/PBV primary structures arm structurally
compatible in the launch and powered flight environment and that the
Stage II/I-III Interstage/Stage III structures are structurally com-
patible in the powered flight environment.

b. To determine the ultimate capability of the test specimen by continuing
to increase ths loads for the critical condition until the specimen
fails.

c. To obtain the load-deflection characteristics of the test specimen.

1.6 TEST FACILITIES

The tests were conducted at Boeing Structures Laboratory Facilities Kent,_j Washington by the Structural Test Engineering Groap with technical assis-

0 tance from Boeing Minuteman Structures Technology.
-J

1.7 TEST DATAK-

All instrumentation data and monitored loads were recorded and reduced by -

( the aid of a computer. The recorded data is shown in T2-3656-1 through -4
U = -(reference 2) and T2-3657-2 (reference 3) and T2-3657-3 (reference 4).

Only selected data is shown blotted in this document. All strain gage
* data shown in this document are the incremental strains (converted to

stress) from an original condition at %hich the strain gages were zeroed.
0 The test procedure paragraph in each section indicates the zero tage

reading condition. In all cases, the effect of the PBCS internal dead
w~ights has been zeroed out. Data obtained before and after installing
these dead weights is given in the data reports (references 2, 3 and 4).
In all plots of stress vs. test load, the test load is the planned per-
centage of test load at that increment at which the gages were read.
Actual test loads at these increments are shown in the test condition sub-
sections. The above considerations generally had negligible effects on
the results of this document though, where they were significant, they
were included.

SHEET 108
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2.0 STAGE III/PBv M LAUNCH CORDITIOI TESTS (332-L)

2.1 TEST SPECDIEI

The 332-L 'A.est Specimen consisted of the aft section of the R/.. including
a portion of the Shroud (G.E. part number 67J53362G1, S/N GO31B), the R/S
Frustum (67J55705G!, S/N G0323) and t V-Band Assembly (67J54865, S/N
GO31B). Also included were a Mod 7T wafer (25-61767-20), an MGS section
(Autonetics part number 8537-40OOCI-1;, S/IN BJ 0200), a PBPS section
(Autonetics 8537-5000C1-1,. S/N A4XOU09), a Stage III/i V Separation Joint
(25-60282-1, S/N O00O17),a Stage III Motor Forward Sk. t (AGC 1143927) and
an operational Stage III forvard R/W cep (25-62157-1) -with attach base
(AGC 1146695-7). Figures 2.1-1 thru 2.1-10 show the test specimen which
%as complete in all details affecting structural strength, stiffness and
load distribution except for the omission of insulation. The assembled
integrated specimen is shown in Figure 2.2-3. . cross section of the
specimen giving the dimensional survey loca. !ons is shown in Figure 2.1-11
and the dimensional survey is shom in Tables 2.1-1 thru 2.1-5.

2.2 TEST SETUP
0-J

Figure 2.2-1 shows a schematic of the test setup. The complete specimen
w with load adaptors was enclosed in a pressure tank (shown in Figure 2.2-2).

The setup with the pressure tank omitted is shown in Figure 2.2-3. Pres-
surized water, between the tank and sealed specimen, provided the over-

( o'pressure loads. This water pressure acting vertically on the Shroud and
Shroud adaptor provided 100% of the shroud axial compression load. The
Frustum axial load was supplied by a vertical pressure component acting
on the Frustum load adaptor and by an internal Jack loading thru an evener
system. Lead veights applied constant axial load to the interna). structure
of the PBICS. The pressure and jack loads were controlled by a manually

,,m• operated sex-.o control system.

2.3 TEST IWSTRUMFNTATION

Strain gage channels were located and identified as shown in Figures
2.3-1 thru 2.3-5. Photographs of selected strain gagp installations are
given in Figures 2.3-6 thru 2.3-12. Test data were recorded at each in-
crement of applied load and are showm in reference 3.

2.4 TEST CONDITIONS

The Launch condition loads of axial compression and overpressure were
applied in increments to 100% of test load (from reference 1). The PBCS
internal structure was loaded with 2.0 kips on the MGS bulkhead and 3.3
kips suspended from the PBPS internal bears. The test setup load geo-
metry is shown in Figure 2.4-1. Figures 2.4-2 thru 2.4-6 present the
planned and actual test loads of overpressure and compression.

SHEET ZOO
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2.5 TEST PROCEDURE

The strain gages were zeroed, with the internal dead weights and the
load heads on the specimen, prior to filling the tank with water. Two
hours and 20 minutes later the strain gages were read after tne tank had
been filled. The test was then run in increments to 100% load (from
reference 1). After unloading the pressure and compression loads, zero
load gage readings were taken. The gages were again read after the
water was drained.

2.6 TEST RESULTS

Selected strain gage data are shown plotted in Figures 2.6-1 thru 2.6-9.
A tabulation of all test data acquired is given in reference 3. The
strain gage data and visual inspection verified that the specimen had
successfully sustained the test loads without loss of structural capa-
bility.

'-I

" 2.7 TEST CONCLUSIONSz0

This test, on the R & D configuration, showed that the R/S/Mod 7EAGS
UJ specimen was capable of withstanding 100% of the launch load environment

specified in reference 1. The relatively low stresses in the Mod 7E and
Z a comuarison of the stresses in the adjacent structures in this test(1 with their stress levels in the 333-L failure test (see section 3.6) indi-

cates that a minimum gage R & D specimen could also sustain these loads
Sand would have an ultimate capability similar to the operational config-

uration.
0iL
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SNUMBLR T2-3657-1

3.0 STAGE III/PBV OPERATIONAL LAUNCH CON-DITION FAILLFE TEST (333-L)

3.1 TEST SPECIMEN

The 333-L test specimen used the same hardware described in Section 2.1
w-ith the exception of the MWD 7E wafer ;ch is not included in the
operational confguration. See Section 2.1 for descripticn, photo-

graphs and dimensional surveys of the test specimea. Figure 3.2-2
* shows the integrated specimEn sealed with a coat of sealant,

3.2 TEST S-ErJP

Figure 3.2.1 shows a zchmatic of the test setup. Figure 3.2-2 shows
a photograph of the setup before installation of the pres-.,re tank.
The complete specimen with load adaptors was enclosed in a presoure
tank. Pressurized water, between the tank and sealed specimen, pro-
v!ded the overpressu.e loads. This water pressure acting vertically
on the Shroud ard Shroud adapter provided 1005. of the shroud axial
compression load. The Fru.s - axial load was supFlied by a vertic'l
pressure component acting ur he Fv-rstt-1 load adaptor and by an inter-
nal jack loading thru an evener system. Lead weights applied constant
axial load to the internal structure .ne PBCS. The pressure and
jack loads were cctrclied by a manually cnerated servo control system.

r 3.3 TEST INSTRW'MEXTATION

-= Strain gage channels were located and identified as showe in Section 2,
Figures 2.3-I through 2.3-5, except for the omission of the )OD 7E and
its gages. Test data were recorded at each £zcre-mnt of applied load

up to 100 test loads. Above 1007. test load, loading was continuous
(nanually) and gages were read continuously (approximately once each

n 1.5 seconds).

3.4 TEST CONDITIONS

The Launc-h condition loads of axial compression and overpressure were

applied in increments of 100% of test load (from reference 1). Loads
-ere then increased continuously to failure. Ine PBCS internal struc-
ture was loaded with 2.0 kips on the MWS b-lkhead and 3.3 kips sus-
pended from the PBPS internal beams. The test setup lead geometry is
shown in Figure 3.4-1. Figures 3.A&-2 through 3.4-5 present the plan-
ned and actual rest loads of overpressure and compression.

3.5 TEST PROCEDURE

The strain gages were zeroed, with the internal dead weights and the
load heads on the specimen, prior to filling the tank with uater. Two
hours later, after filling Zhe tank with water, the strain g4ges were
again read. The test was then run with loads applied incrementally
to 1007. load. Loads above 1007. were then applied continuously to fail-

SHEET -00

V3 APO?
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NUMBER T2-3657-1
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( 3.5 TEST PROCEDURE (COrT.)

ure. When additional load cculd no longer be supported the loads Uere
brought back to zero where zero gage readings were taken before and
after the water was drained.

3.6 TEST RESULTS

Figures 3.6-1 thru 3.6:-Ii show photographs of the buckied specimen.

Selected strain gage data are shoum in Figures 3.6-12 through 3.6-22.
A tabulation of all test data acquired is given in Reference 3. In-
spection of the test data showed that initial buckling occurred in the
PBPS section at 118% of test load between 2200 and 270c in both the
forward and aft bays (See Figures 3.6-19, 3.6-20). At 1207. load,
further buckling appeared in the PBPS between 730 and 900 (See figure
2.6-21). The specimen continued to carry load to approXimately 1357
of test load when he MS and Stage III forward skirt buckled. On
inspection extenasive buckling was found in both bays of the .LS bet-
ween 2850 and 730 (thru 00). A single buckle was found in the Stage

SIII forwatd skirt between !800 and the Faceway Cutout. Strain gP;es
o in these areas of the iVS and Stage III forward skirt are aor:,g the

plots shown. The operational Stage III forward skirt R/lq cap which
had sustained the 232-L loads also sustained the 1351 loads in thic
test. T1he following table summarizes the ultimate loads sustained
by each specimen and the loads at which initial buckling occurred in
the PBPS.

STATION LOADS AT FAILURE
S O_ PRES. (sij COYP. (kips)

R/S
225.3 30.80 (77.1

238.5 31.3 (27.16) 79.2 (68.46)
PBPS

257.4 32.0 (27.94I) 82.4 (71.76)

SSTG. IlIl l 1 4 1

( ) indicates loads at
which initial buckling oc-
curred in the 2BPS.

3.7 TEST CONCLUSION 
c

The test specimen susLaine(. the ultimate loads (approximately 1377. of
'he reference 1 loads) shown in paragraph 3.6. These loads were also
higher than the BSD Exhibit 66-6A design ultimate silo launch loads

SHEET "SO1
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3.7 TEST CONCLUSIONS (CONT.)

as is shown in the following thle:

STATION BSD LOADS 7. OF BSD LOADS AT FAILURE

OVER PRES. 1COM-4PRESSION OVERPRESSURE AXIAL CO.MPRESSION

(psi) (kips) .. ... .

225.3 22.6 71.4 136% 1087.

238.5 23.0 74.6 136.5 1067
257.4 23.6 79.0 1367. 104%

The two percentages given above (one for overpressure and one for corm-
pression) can be used to conservatively calculate (assuming uniform cylindrica
sections) an equivalent single percentage of the BSD loads. The over-
pressure load, being the more critical, has the greatest affect or. thep

Zo equivalent single ultimate percentage, though the affect of each load
also depends on the structure geonetry. The following ultimate capabil-
ities were calculated, See Section 8 for calculations.

TEST SPECLMEN
z SECTION ULTIMATE CAPABILITY

k E __.... .. (7. OF BSD LOADS)
HG0 128%
PBPS 127%
STAGE III FWD 131%

o SKIRT

The above results are not ad usted for a minimum gage specimen. Conserv-
ative calculations using a tA relationship and assuming a uniform speci-
men of the highest recorded thickness in the buckled areas give the fol-
lowing results.

SPECIMEN TEST GAGE MINIMUM REDI!CTION CAPABILITY OF

(IN) GAGE FACTOR MINIMUM GAGE

(IN) (ac t) ( BSD)

MGS .101 ,099 .94 120%
PBPS .115 .113 .95 1217.

STAGE III .15"8 .150 .85 1127.
I SKIRT I

A minimum gage specimen therefore, would be capable of supporting the
reference I loads and the BSD Exhibit 66-6A design ultimate loads. Con-
servative ultimate capabilities of test specimen sections are as shown in
the above table.

* BSD load interpolated from loads at 225.3 and 257.4.
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4.0 STAGE III/PBV R&D FLIGhT CONDITION Tz-STS (332-F)

4.1 TEST SECUUEX

The 332-F Test Specime consisted of the aft section of the R,- includint
a portion of the Shroud (GE Part Number 67J53362GI, S/N G03LA), the PSi
Frust,= (GE 67J55705GI, S/N G031A) and a V-Band assembly (GE 67J54865, I
S/N G031A). Also included were a Nod 7E wafer (25-61767-20), an MZS
Section (Autonetics Part Number 8537-40001-1, S/N BT 020i), a PBPS Sec-
tion (A/ 8537-500001-I, A/N AdXO!Il), a Stage i!i/PBV Separation Joint
(25-60262-1, S/N 0O0031), and an e-pty Stage III motor (AGC U144233-9,
Si 0000019) with an aft dcme closure plate (AGC 144231-1). Figures 4.1-1
through 4.1-9 show the test specimen which -s co=miete in all details
affecting structural strength, stiffness, and load distribution. All
race-.ay covers and insulation were omitted from the test speci.o n. A
cross-section of the specimen giving the dimnsicunal survey locations
is shown in Figure 4.1-10 and the diensional survey results are shown
in Tables 4.1-1 through 4.1-6.

4.2 TEST SU.P

Figure 4.2-1 shows a schematic of the test setup. Loading heads and
adapters were used to introduce loads to the specimen. A lateral jack
introduced the shear load through the forward shroud loading head. Four
longitudinal jacks applied an axial load and a pure couple component of
the moment to the shroud. Tuo longitudinal jacks applied an axial load
to the frustum. A seventh longitudinal jack applied axial compression
through the aft dome closire plate of the Stage Iii motor. Lead w-i~hts
applied constant axial load to the internal structure of the PBCS. The
empty Stage iii woor was internally pressurized to 28 psi with water in
order to simulate the increased buckling capability of an operational
-1tor. All loads were programed through the SDS 910 computer and ap-
plied by servo-controlled jacks. The test was conducted in a test cell
as a safety precaution, Photographs of the test setup are shown in Fig-
ures 4.2-2 throigh 4.2-7,

4.3 TEST INSTRUMENTATION

During the 332-F Tests, sele;cted strain gages were read. The strain gage
chan.'els were located and identified as shown in Figures 4.3-1 through
4.3-4. Test data, including load cell readings, were recorded at the end
of each increment of applied loid and are shown in reference 4.

4.4 TEST CONDITIONS

Prior to the static flight condition tests a set of 16 stiffness tests
were conducted with this specimen. See section 7.0 for details of these
tests. The wind shear maximum qov loads of axial compression, moment
and shear were applied at room temperature, in increments, to 1007. of
the reference I test loads. Conditions 332-F (a) and 332-F (b), per ref-

erence I, applied the mgximum line load at the 0* and 36030? azimuths
respectively. The PBCS internal str'cture was loaded with 2.0 kips on
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4.4 TEST CONDITIONS (CONT.)

the ?YGS bulkhead and 3.3 kips suspeaded from the PBEPS internal beams.
A stabilizing internal pressure of 28 psi was applied to the Stage I
motor during both tests. The test setup load geometry is sho-r-n in Fig-
ure 4.4-1. Figures 4.4-2 to 4.4-7 present the reference 1 planned loads
vs. the actual test load of axial compression, moment and shear for both
tests,

4.5 TEST PROC.EDURE

The strain gages were zeroed with the load of the dead weights on the
specimen. Strain gage readings, due to dead weights only, -ere record-
ed AJring the setup assembly. Test 332-F(b) was run first. Due to faul-
ty e'cess error signals in the automatic load dump system, 3 runs were
conducted prior to successfully reaching 1007. test load. Two tests were
run to 70Z load and one to 90% load when the automatic dump.s occurred.
In the first test to 70. load the stage !M! motor was inadvertantly left
unpressurized. In all following tests however, the motor was internallyf pressurized to 28 psi just prior to loading. On the fourth run the loads
w-ere successfully increased incrementally to 1007 loads. After rotating
the specien the 332-F(a) test was run following the same procedure as
in the 332-F(b) test. Two runs were necessary since the first try was
discontinued at 50% load to find the reason for improper loading in one

( H jack.

4.6 TEST RESULTS

Selected strain gage data are shown plotted in figures 4.6-1 through
o 4.6-16. A tabulation of all test data acquired is given in reference 3.

The strain gage data and visual inspection after each test verified that
the specimen, had successfully sustained the test loads with no detri-
mental y$.elding

4.7 TEST CONCLUSIONS

The successful conduct of test conditions332-F(a) and 332-F(b) satisfies

the objectives of reference I test plan and structurally confirms that
the integrated Stage III/PBV stackup structurally sustains 100% test
ultimate loads during the wind shear maximum qoc flight condition.
Though the specimen was only loaded to 100% loads the strain gage data
showed that the R/S/Mod 7E/M JS integrated structure was not dangerously
stressed and therefore, minimum gage R&D specimens would also be expect-
ed to sustain the 100% test loads.
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NUMBER T2-3657-1I REV LIR

5.0 STAGE III/PBV OPERATIONAL FLIGHT CONDITION TESTS (333.-F) f
5.1 TEST SPECIMEN

The 333-F test specimen used the same hardware described in section 4.1 with
the exception of the ?MD 7E wafer uhich is not included in the operation-
al configuration. See section 4.1 for description, photographs and dimen-
sional surveys of the tst specimen.

5.2 TEST SETUP

Three test setups were used: Phase I, Phase 1I and .Failure conditions.
Figure 5.2-1 shows a schematic of the Phase I and Failuie test setups.
Fieure 5.2-2 shows the Phase II test setup. The Phase I and the Failure
test runs introduced loads through the Shroud and the Fzus-um. In these
two test!; two lateral jacks introduced the shear load thcough the forward
!Lediug heads. Foqr longitudinal jacks applied an axial load and a pure
couple component to the Shroud. Two longitudinal jacks i ?plied an axial load
and a pure couple component to the Frustum. A seventh lcngitudinal. jack
applied axial compression thru the aft dome closure plate of the Stage III

S motor.

0
The Phase II test setup did not use an R/S Shroud and therefore, all loads
thru the R/S were introduced thru the Frustum in the setup described above.

The Phase I and Phase I tests used heat lamps to supply the required temp-
Li eratures. See Figures 5.2-3, 5.2-4 and 5.2-5 for photographs of the heat

jig and lamps. The heat lamps were removed for the failure test and the
Shroud replaced (it had been removed for Phase II) to give the setup shown

- in Figure 5.2-6.

o in the Phase II test a Kobe Triplex Pump was used to provide the necessary
water pressure inside the Stage III motor to simulate operating pressures.

S In the Phase I and Failure tests the 28 psi stabilizing pressurc was sup-

plied by the city water pressure.

Lead weights applied constant axial load to the PBCS structure. All jack
and pump pressure loads were programmed thru the SDS 910 Computer and ap-
plied thru a servo-controlled system. Heating was manially controlled using
control thermocouples and ignitron Power Controllers shown in Figure 5.2-7.

5.3 TEST INSTRUMENTATION

Strain gages, located and identified in Figures 5.3-1, 5.3-2, 5.3-3 and
5.3-4, were recorded during all of the 333-F tests. During the programmed
Phase I and Pha6e ii tests data thermocouples, located at each gage location
in heated zones and at locations shown in Figures 5.3-5 thru 5.3-10, were
also read. Test data and load cell readings were recorded at the rate of
192 channels per second (each channel read approximately every 2 seconds)
except up to 100% of the Failure test, when they were read at the end of

each increment of applied load. These recordings are shown in reference 4.
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{ 5.4 TzsT CO'1DITIONS

5.4.1 PRG-RArxsD P01i-1-D FLIG mVIROm T

Phase I and Phase II of the Prograed Test applied the continuous
loads and heat of the powered flight environment from the critical wind
shear max. qoc condition thru the Stage III thrust tex-mination con-
dition. Loads and t-Meratures vere from reference 1 with the exception
of the 5 second hold of the -ind shear condition (30-35 seconds) and
the i=_ediate reduction of the loads after the Stage II Ignition con-
dition in Phase I and the Stage III Ignitior condition in Fhase II
(see 5.-41Figures and reference 5). The Phase I portion of the pouvred
flight environment test included the "shroud on" conditions of Wind
Shear, Maximum Axial Load Factor, Stage II Ignition (2 possible con-
ditions) and Stage II Burnout. The actual loads were generally higher
than planned except during the low load condition prior to Stage II
Burnout uhen loads .ere lower than planned. The Stage III motor was
internaly pressurized to 28 Dsi to simulate the added stability of a
motor with propellant. A load of 21.5 kips ias a-pplied to the aft boss
of the Stage III motor to reduce the tension load at the Stage III

z motor aft interface. Figures 5.4.1-1 thru 5.4.1-i1 show Phase I load
_geometry, loads and vind shear condition line loads. Figures 5.4.!-12

thru 5.4.1-17 show control thermocouple locastions and tyical temper-
ature history - es during the best. Fi.ure 5.4.1-18 shovs data an.,
control thermocouple response to the heat environment at t=58.6 rconds
of test time.

The Phase !I portion of the powered flight environment test included
the "shroud off" conditions of Stage III Ignition and Stage III Thrust
Termination. The actual loads .ere slightly !ower than planned antd
the Stage III motor internal pressure (simulating motor burn pressures)
reached its peak value later than planned. Figures 5.4.1-19 thru 5.4.1-

D 27 show the Phase :I load geometry, lads and Stage II ignition line
loa?,s. Figures 5.4.1-28 and -29 show control thermocouple temperat..re
history curves during the test. Figure 5.4.1-30 show data and control
thermocouple response to th. heat en-vironment at t.= 25.7 seconds of
test time.

5.4.2 FAILURE CONDITION

The critical Wind Shear condition loads (from reference i) -were in-
creased incrementally to failure. Testing was at room temperature with
28 psi internal stabilizing pressure in the Stage III motor. The load
geometry was the same as that shown for the programmed Phase I te;t as
shown in Figure 5.4.1-1. Figures 5.4.2-l thru 5.4.2-4 show the test
loads. A maximum load of 34.3 kips (at 120%) instead of the reference i
planned lead of 21.5 kips was applied to the Stage III motor aft dome
to furtner reduce the tension load at the aft Stage III Motor interface.
Though loads were not increased over 12,, during the test (failure was
at 120%) the planned loading after reaching 120% was to have changed
so as to reduce the bending loads on the Stage iI motor. This would[ have been done by increasing moment only by increasing the pure couple

SHEET 50i
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5.li.2 FAnLUR conxTo.i0 (Co..)

fro= the longitudinal jacks. 7ne shear would have been held consta.nt
at its 120% value (as uould have been the aft dome load of 34-3 kips)
but the axial compression load would have increased proportionally.

5-5 2sTY PROCWE,5JE

5.5.1 0 A1-.ED POW-M -G: 0_T o NT

PHASE I1I

After internally pressuring the Stage III motor to 28 psi, the strain
gages vere zeroed vith the load of th- dead veights, the loading heads
and the vater on the specimen. An axial prf ad vas then applied to
the specimen to offset the -.eight of the loading heads. The SDS 910
computer progro___r and the manually operated heat controllers were
synchronized at the start to pro-.ide correct coincidence of heat and
loads throughout the test. The heat and loads programs were then run
continuously through the critical conditions of powered flight from

0 wind shear thru Staae II burnout. Zero gage readings were taken after
<J the Stage III motor case pressure had been released and the specimen

had cooled to room temperature.

PHAE !Iz

After removing the Shroud, the strain gages were again zeroed with the
load of the water, the frustum loading head and the internal dead
veights on. the specimen. A preload vas applied to the srecimen to
offset the frustum loading head weight. Prior to test time zero Stage

LL0 III Motor internal pressure w-= increased to an initial 350 psi so
that the required pressure at Stage III ignition could be reached in
25.7 seconds of test time. After applying the initial motor pressure
the temperature program was begun at -60 sec. of test time in order
that the specimen -would be at the required temperature at 25.7 sec. of
test time (Stage III ignition). Due to a discrepancy between two pres-
sure readout systems monitoring the Stage III motor pressure a hold
of approximately one minute was necessary at test time zero. When the
discrepancy was explained and remedied (a valve had not been opened)
the test was continued from test time zero with the initiation of
the computerized jack lcading program. The test was then run to con-
clusion as planned.

5.5.2 WIND SHEAR CONDITION FAILURE TEST

The heating jig was removed from the Phase II test and the Shroud and
Shroud load head were reassembled to the specimen. After the stabiliz-
ing Stage III Motor Case pressure of 28 psi was applied the strain
gages were zeroed with the internal dead weights and loading head
dead weights on the specimen. A preload,, unloading the loading hed

dead weights, was then applied, and the gages were read. Loading was
applied incrementally with the gages read at the end of each incre-
ment of applied load.
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5.6 TWT RESLTS

(. The test specimen succes-fully su..ained the heat and loads of the powered

flight enviromaut as shown in section 5.4.1 (Phase I and Phase II test con-
ditions). Figures 5.6-1 thru -4 show selected strain gage data plotted thru
35 seconds of Phase I test time (the wind shear conditon was held between 30
and 35 seconds of test time). k ost strain gage data was lost before reaching
the next critical conditot at t = 58.6 seconds because of the effect of high
temperature cn the strain gage bonds. Because of this no gage data are shown
for the Phase 11 portion of testing. This strain gage data and a visual in-
spection showed that the test specimen successfully sustained the test heat
and loads without loss of structural capability. A tabulation of all test dat
acquired is given in Reference 4.

The failure test was run by increasing the wind shear conditon loads in incre-
ments to failure. Failure occurred in the Stage III Moto- case at 120% of
the test loads as shown in section 5.4.2. Loads were pcr Reference 1 except
for the increase in the Stage III Motor aft dome load from 21.5 kips to 34.3
kips. Figures 5.6-5 thru 5.6-11 show strain gage data up to 110% of test
loads when the last recordings were taken. Figures 5.6-12 thru -14 are pho-
tographs of the failure. Failure occurred on a horizontal plane (sta 311.8
at the 370 aximuth) in the Stage III Motor Case between 3010 and 1270. .z

Oshown in Figure 5.6-14, this is in the Y-joint transiton area just below the

rubber fillet runout. This area was not expected to fail and had been loaded

to higher line loads in previous tests on otier motor cases.

w- 5.7 TEST CONCLUSIONS

The integrated R/S /PBCS/Stage III structure was shown to be adequate for the

heating and loads environment of powered flight as specified in Reference 1.

Actual loads sustained by the -pecimen are shown in section 5.4.1.

ul =In the failure test the Stage III motor case failed unexpectedly at 120% of

Reference 1 test loads. It had been expected that thg motor case and aft

skirt would sustain enough load to force a failure forward of the Stage III

I motor (In the R/S, PBCS or Stage III forward skirt). However, an improperly

prepared bond (found later in tests to be understrength) nea.r the aft equator,

between internal longitudinal filaments and the rubber fille6 extension,

allowed separation of layers to occur. The external failed layers were left

unsupported thus reducing greatly their load carrying capability and result-

ing in a local instability failure. A failure analysis has been prepared by

the Aerojet General Corporation, Sacramento, 
and submitted to SA5SO/TRKW--

Reference 6.

The failure test showed that the R/S /PBCS / Stage III forward skirt inte-

grated test specimen is capable of sustaining at least 120% of Reference 
1

test loads. Actual loads at failure are shown in section 5.4.2. The maximum

loads applied to the PBV section, though approximately 120% of Reference 1

loads, were between 97% (at R/S-MGS interface) and 100% (at Stage III/PBV

Separation Joint) of the BSD Exhibit 66-6A Design Ultimate line loads. At

the Stage III/PBV Separation Joint the maximum applied line load was 100.7

per cent of the Figure A ultimate line load requirement.
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( 6") 11I-111 INTERSTAGE Fnl'x±iT CONFiTION TESTS (345-F)

6,1 TEST SPECIMENJ

Mhe 315-F Test Specimen consisted of a Stage 11 forward skirt and dome cut-
from a fired motor case (AGC Part 'i1v!Th.er 364041-9, S/N 806693), a II-:III.
Interstage (Boeing Paxt Number 25-&.327-2, -SIN 0000103) and an empty Stage
III motor (AGC Part Number 114.4233-9, SIR! 0000020) with an aft dome-closure
plate (AGC Part Number 1144231-1). Figures 6.1-1- through 6.1-3 show the
test specimen components w.hich were corzolete in all details affecting struc-
tural strength, stiffness and load distribution. All raceway covers and in-I
sulation were omitted from the test specimaen. A cross-sectio'n sketch of the
specimen shell. giving locations at which thicknesses were obtained is shown

in igre.6.-4. Th diesional. survey of material thicknesses is shown

in Tables 6.1.-i through 6.1 4.

6.2 TE.ST SETUP

A schematic drawing of the test setun is s.:own in Figure 6.2-1. Loading
_J heads A-xd adaptors were used to introduce loads to the specimen. A horn-

Z 0 zonta). jack introduced the shear load'through the forward loading head. Fo ur
Z longitudinal Jacks applied axial loan:s and a pure couple coi-,ponent of the

noxaent. A fifth longitudinal sack applied axial compression through the aft
dos-.- closure of the Stage IT' £nctor. All hydraulic jack loads were controlled
*by load cells and automatic load co:ntrcllers utilizing servo valves. The

emipty Stage III motor was pressurizedi with water to sim~ulate the increased
buckling capability of a full n~otor. In tne prograar.ed heat ane loaa. t-est,

3: heat lamps were arranged in zones and control.Led zan,.aL_'1y with Ignitron P-weCr
UJ

Ocntrollers. The-tests were conducted in a test cell as a saf'ety preca-.,ion.
Photographs of the programm!ed and fai ti1-re test .setups Ere shown in Fig-rures

0 6.2-2 and 6.2-3 rospectively.

to3 TEST INST.Tu7MZiTAT10K'%

-,ddthe proixome lt test wn.se of foriffess634an .- tssw he

concted. a ee alseci g~ tion 7.0 foadta other test.) si

Figures ~ ~ ~ ~ SEE 6.-600.-.D~a -n:,i~ ca el n ,rssctasues

were recrde at~ aV raecr 0/ -1ies 65 eon ntep~r~ dha

-n -oa- tetada.-eedo ai.ice~eto o-.e odi h alr
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i( .
6.4.1 PROGRAMED POWERED FLI'HT ENVIRONMENT

The programmed test applied the continuous heat and loads cf the powered
flight environment from the criticai conditions of wind shear max. qat
through the Stage II bdrnout condition. The test setup loading geometry
is shown .n Figure 6.4.1-1. The actual test loads of axial conression,
moment and shear are compared with the programmed loads (from reference 1)
in Figures 6.4.1-2 through 6.4.1-5. The maximum line load was at the seven-
ty degree azimuth. Eleven heating zones, each contining two control ther-
mocouples, were manually controlled with Ignitron Power Controllers. Fig-
ures 6.4.1-6 through 6.4.1-10 present the programmed (from reference 1) vs.
actual heating as shown by the control thermocouples. Figure 6.4.1-11 is a
pictorial tabulation of data and control thermocouple readings at t=85 sec-
onds of test time.

6.4.2 WIND SHEAR CONDITION FAILURE TEST

The failure test, conducted at room temperature, applied the critical load-s
of the wind shear maximum qw condition (from reference 1) in increments to
failure. Maximum line load was at the seventy degree azimuth. Figures

0 6.4.2-1 through 6.4.2-3 show the applied loads and compare them with the Dan-
ned loads. Figure 6.4.2-4 compares average line loads at failure with line

eloads derived from design ultimate loads as specified in the appropriate
Figure A and BSD exhibit.

2
{ ( During the two flight load tests the Stage III motor was internally presscr-

ized with water to 28 psi.

6.5 TEST PROCEDURE

o 6.5.1 PROGRAMMED POWERED FLIGHT ENVIRONMENT

DAfter internally pressurizing :he SLage III motor with wateL the ztrain
gages were zeroed with the load of the dead weights and water on the spec-
imen. The load and heat programs were then begun and run continuously through
the critical load conditions of powered flight, Automatic load prograrm..ers
and mansally operated heat programmers were svnchtonized at the start to
provide correct coincidence of heat and loads throughout the test. Zero bage
readings were taken after the Stage III motor case internal pressure had
been released and the specimen had cooled to room temperature.

6.5.2 WIND SHEAR CONDITION FAILURE TEST

Following removal of the heating fixtures, the Stage III motor was again

pressurized and the strain gages were zeroed with the dead weights on the
specimen. The loading of the specien and the recording of data was dove
incrementally. The loafing proceeded to failure, at which time the jack
loads were automatically dumped. After releasing the pressure in the Stage
III motor, the strain gages were again read with only the dead weights of
the fixture and water on the sp"rimen.

SHEET o

V 3 4fol 1434 rV.
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( 6.6 TCEST RESULTS

The test specimen successfully sustained the heat and loads of the powered
flight environment (from Reference 1) as shown in section 6.4.1. Selected
strain gage data are shown plotted, through 40 seconds of test time, in
Figuzes 6.5-1 thru 6.5-3. (Most strain gage data after 45 seconds, was lost
because of the effect of high temperature on the strain gage bonds). This
stvain gage data and a visual inspecticn showed that the test specimen suc-
cessfully sustained the test heat and loads without loss of structural cap-
ability.

The failure test was run by increasing the wind shear condition loads in
increments to failure. Failure occurred at 132. of the test loads as shos,
in Section 6.4.2. Figure 6.5-5, -6 and -7 show the buckling pattern in
the aft bay of the Il-111 interstage. The buckling was centered about the
70* azir-ith of maximum line load and included 180* of the II-Ill interstage
aft bay. Figures 6.5-8, -9 and -10 show bucking of the internal stiffening
rings. The angle overpressure ring and hat section nodal ring were damaged

j throughout the section of buckled skin. Sele¢.ted strain gage data are shown

in Figure 6.5-11 thru 6.5-17. These data in&icated initial burkling occur-
-C red between 115% and 120% of test loads in the II-III interstage aft bay.

Figure 6.5-18 shows the local skit bendin& as indicated by strain gagez in

the area of initial buckling. See Reference for the test data.
w

S 6.7 TEST CONCLUISIONS

The failure load of 132. of Reference 1 loads is eq,:ivalent to 116.8* of

0 the Figure A 6560 wind shear maximum qC design ultimate loads at missile
station 359. By analysis this failure load is reduced to Ill7* for a mini-
mum gage specimen. Th-, Stage III aft skirt/Il-Ill interstage/Stage i! for-
ward skirt integrated structure is therefore considered to have satisfied

tfic Figure A 6560 DUL requirements for flight condition critical load. The
integrated specimen Was also sho-n to be adequate for the heating and loads
envirounment of powered flight as specified in Reference I.

*See Section 8, sheets 806 to 809 inclusive for calcultions.

ShOET 602
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7.0 )IEIIUTU N MII STIFF iWr aIXia T TS

7.1 TIT 1CRIPTION AND TET $PIMB3

The stiffness determination tests consisted of the evaluation of the load-
deflection characteristics for those sections and joints of the MinutmAn
III missile above the Stage II motor case. The tests were denoted as the
345-F, 332-F, and 333-F tests. For the 345-F test, the II-lU interatage
was the primary teat area. See paragraph 6,1, page 600, for a detail des-
cription of the test specimen.

The upper sections were tested in two distinctive configuratiocs. Test
332- had the MOD 7E wafer inse-ed, whereas in test 333-F the MOD 7'3 vafer
was removed. In addition, the litter tWo stacks were tested in the shroud
on and shroud off configurations. Shroud on and shroud off indicates load
application through the R/8 shroud for the former and through the B/S Frus-
tum for the latter. The five test specimens are schematically shown in
Figure 7.1-1. See paragmph 4.1, page 400, for a detail description of the
test specimen 332-P,

_J Four runs were conducted on each test specimen. The four runs consisted of
0 combinations-of loads in the gapped and butted joint conditions. The gapped

joint condition was tested under a pure tension load, a pure bending load,
auand a combined compression, bending and shear load. The butted joint condi-

tion was tested only under the combined compression, bending, and shear load.
zTable 7.1-1 summarizes for each test the load conditions and the joints and/

or sections tested. In conjunction with this tatle, the test specimens are
aillustrated in Figures 7.1-2 through 7.1-6.

The gapped joint condition was obtained during assembly as approximately one-
= half the maximum measured gap that occurs at each interface joint under a

o_ tension load. The tensicn lead was just large enough to bottom out the inter-
Z face bolt holes on the interface bolts. A compression load just large enoughto eliminate the gap at the interface joints established the butted joint

condition. Gaps were measured and recorded after each run to determine if
joint slip had occurred and if regapping was required prior to the next run.

7.2 TEST SETUP

Hyd-aulic jacks were used to apply the axial, bending, and shear loads. The
jacks were connected to a load distribution head which in turn was connected
to the forward end of the test specimen. The aft end of the test specimen
was connected to a fixed load distribution head. Figure 7.2-1 is a schema-
tic of the load head geometry.

For tests 345-F, 332-F (shroud o4), and 333-F (shroud on), four vertical Jack!
were used to apply the axial and bending loads. Uniform Jack loads produced
axial tension or compression, while differential Jack loads produced bending.
A fifth horizontal Jack produc,.d the shear load. The Jack locations for eauh
test are shown in Figures 7.1-2, 7.1-3, and 7.1-5. Two vertical jacks were
used to apply the axial and bending loads for tests 332-F (shroud off) and

333-F (shroud off). Uniform jack loads produced axial tension or compression,
while differential Jack loads produced bending. A third horizontal Jack pro-
duced the shear load. The Jack locations for each test are shown in Figures'_ --71- and 2-_1-_A

SHEET 700
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7.3 TET CMDITIONS

Figure 7.3-1 shows the load sequence for each test run. The type of load-
Ing per run was discussed in Section 7.1. The naximum prescribed values
for the loads are given in Reference 1.

7.4 IETRIKTA!IO

Deflections were measured by electronic deflection indicators (IMI's). A
discussion of the method of operation of an EDI is contained in Reference 7.
There were eight EDI's around the circumference of each datum (section or
joint) to be tested, with two exceptions. In the 332-7 (shroud off) and
333-F (shroud off) tests, dual gages were mounted at each of the circumfer-
ential locations (Figures 7X and 716). Thus the erroneous deflection due
to the r-itation of the post mount on the R/S Frustum was accounted for and
eliminated from the measured deflection.

Post type mounts, bonded to the skin surface, were the attachment points
Z for the EDI's in test 345-F. The EDI's at alternate datums were .3 and .5

inches frm the skin surface with the exception of run #4, datum 4 as shown
in Figue-7.I-2. Where the section or joint span exceeded the EDI span, a

wire extension was used to connect the EDI to the post mount. For this test
( the I plus wire was calibrated as a unit. In all other tests (excluding

i the shroud off RIS Frustum attachment point), a clip type mount was bonded
to the skin surface such that all EDI's were approximately .05 inches from
the skin surface. Again wire connectors were used, where required, to
attach the EDI's between clips. However, the EDI's were calibrated separately
and a correction factor based on the deflection of the wire was applied to
to the fI deflection to obtain the joint or section deflection.

7.5 DATA ACQUISITION AND REDUCTION

The Jack loads and EDI deflections were recorded at selective time intervals
on a SDB 910 compater. A library tape is produced in addition to a prelim-
inary copy of the data. Subsequently, the data are converted into a Fortran
tape for use by a principal loads and deflections program on the IE4 7094.

The program (described in Reference 7) produces punched cards and plots of
axial force versus axial deflection and moment versus rotation for each ti-e

increment. A second program uses selective punched cirds to yield stiffne s
values based on the minimization of the square of the deflection or load

error.

7.6 TEST RESULTS

1.6.1 SAMPLE REDUCED DATA - STAGE III MOTOR CASE

As an example of the type of reduced data produced by the principal loads

and deflections program, selective points generated for the Stage III Motor

case are plotted in Figures 7.6-1 and 7.6-2. Stiffness values are tabulated

on the figures and converted to AE and EI values in Table 7.6-3. The process

SHEET 701
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7.6.1 siL mDED DATA - sTAGE II m0foR CASE (Continued)
by which displacements reasured by EDI's at eight locations arcuvd the

circumference are converted into an angular rotation, is illustrated in
Figure 7.6-3. From tess 333-F, three increments of deflection corresponding
to three load increments taken during the moment application of ran #4 are
plotted around the circumference of the cylinder. The plane (shown as a line
in the side view) for which the square of the deflection error is a uinima
is generated by the principal loads and deflections program. The rotation
angle corresponding to this plane in addition to the neximum and minimm
angles using any two EDI's (excluding the tvo EDI's at the neutral axis)
are plotted vs. moment in Figure 7.6-4. Figure 7.6-4 shows the scatter of
data that might be expected from measuring stiffness from two gages as
opposed to the eight used in this test.

7.6.2 TWT VALUES CF AR AND EI

Tables 7.6-1 through 7.6-5 sumearize the results of the stiffness evalua-
Stion tests. The stiffness values obtained through the process described
Z In Section 7.5 were multiplied by the appropriate section or joint length
O, to give values of AS and RI. Also included in the tables are average values

and theoretical values. The theoretical values were obtained from Rzference
8, except as indicated. The joints were assumed to be comprised of two
uniform shell segments, butted at the joint and continuous. The error intro-
duced by this assumption is discussed in Section 7.7. Table 7.6-6 lists
the geometry and stiffness properties of all components.

U.
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( 7.7 ROTATION ERROR

* In the process of interpretiug the preliminary results o, runs #1, #2,
and #3 of test 345F, it became apparent that the EDI Deflection output was
deviating from the anticipated output. The problem area seemed to be an
erroneous displacement component due to rotation of the post mount that
vas superimposed on the membrane displacement component. To confirm this
theory and to prc'.Lde correction information, the radial location of the
EDT's of datum 4 ftr run #4 were changed as indicated in Figure 7.1-2. The
underlying as:umptions for the changes were es follows:

1) A comparison of EDI output would be made between runs #3 and #4
of datum 4. The choice of section measurements for comparison,
as opposed to joint measurements, was made because it was felt
the section would not be greatly influenced by the gapped versus
butted configuration.

2) The EDI at )4-202 would remain at the same radial location as in
run #3. Thus a comparison of plots of line load versus EDI D4-202
deflection output for the two runs could bubstantiate assumption

o 1).
3) If 2) verified 1), then the five EDI's that were .5 inches from

the shell surface during run #3, and .3 inches from the shell
surface during run#4, could be used Lo calculate post rotation.
it' fch the post rotation known, the deflection of the neutral sur-

- face could be calculated.

4) The EDI at D4-25 was mounted on the shell surface. Thus, the
calculated rotations of 3) plus the output of D4-25 run #3 could be

Sused to predict deflections of the shell surface. The predicted
, deflections could be compared with the measured deflections of
D4-25 to verify the technique.

5) With test rotation angles available, a theoretical model could
be developed. This model could then be used to predict the ro-
tations of other datums.

Implementation of the technique was not entirely successful. Assumption 1)
was somewhat questionable, although there was reasonable compatibility frc
2). The model of 5) was not completed satisfactorily. Positive results
were provided by 3) and 4). The stiffnesses, corrected for post rotation
error, were comparable with theory as indicated in Table 7.6-1 In
addition, the skin mounted EDI proved superior to the post mounted EDI's.
Therefore, in succeeding tests a clip mount was utilized and in the shroud
off series,dual gages were used. The complexity of the rotation problem
was not apparent at this point.

Examination of the behavior of two cylindrical shells in the vicinity of
a joint reveals the nature of the rotation error. Schematics of the joints
are shown in Figures 7.1-2, 71-3, 74, 7.1-5 and 7.6. An illustrative example
indicating the basic characteristics of such joints is shown in Figure 7.7-1.
Alsb shown is the deformation of the joint under a tensile load. Localized
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7.7 .ROTATION ERROR (Continued)

bending, caused by the load transfer through the joint, induces post rotation
w!.ich in turn produces the erroneous EDI component of disolacement. The
magnitude of tie error for the idealization of Figure 7.7-lis given by

EDI error 4 )~ + .3) Z

Further investigation reveals that the original model to predict joint
stiffnesses employed an approximation that ums too simplified, i.e. that
joints consisted of continuous cylinders butted at the joint. The joint of Figur
7.7-1 exhibits not-only this pure membrane extension, but also the contri-
oution of the bending rotation to che membrane extension.

j rotation = ____ s ___z0
_J

UJ This deflection exerts a significant softening of the joint. Preliminary
canclusions may be summarized as followsL

Z
I) The theoretical stiffness values for the joints should be considerably

smaller (a softer or less stiff joint) than those shown in Tables 7.6-1
W 7.6-2,7.6-3, 7.6-4 and7.6-5. This is due to the effect of the addition-
>al membrane deflection caused by localized bending rotation.
0

0 2) The EDI deflection output is in error due to the rotation of the

Uclip or post mount about the neutral surface of the cylindrical shell.
This error is large for the post-mounted EDI's. For short spans,
even the clip mounted EDI's may be significantly in error. For long
spans, the rotational deflection is small compared to the overall
deflection and thus the error should be small.

3) The rotational error of 2), for the idealization of Figure 7.7-1
effects EDI output such that test stiffness values for joints are
softer than theory and sections are stiffer than theory. This is
confirmed in Section 7.6.2.

To rectify these problem areas, two complementa-y investigations are requircd.
The present inadequate model used to calculate theoretical joint stiffnesss,
tabulated in Section 7.6.2 should be replaced by a model which incorporates the
coupling of axial and bending stiffnesses. Such a model would be a better
physical representation of the joint and would produce smaller theoretical
stiffness values (or softer joints).* Secondly, the same model should generate
the local rotation at each clip or post location. Thus the existing test
datA could be extrapolated to the neutral surface of the shell and subsequently
yiel- improved individual stiffnesses.

SHEET 704
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7.7 ROTATION ERROR (Continued)

The accomplishment of the above objectives is in progress. supplementary tests
to produce additional test values for local rotations were performed. A more
sophisticated model to idealize the joint is under developement. The model

employs the stiffness method of structural analysis with advanced cylindrical
shell elements. The use of offeet nodes to couple axial and bending stiff-
nesses simulates the load transmission through the joint Although the model
is in the developement stage, preliminary data verifiesits adequacy.

The rotation error would appear to have a detrimental effect on all test values

of AE and El. However, for the Stage III motor case and the joints of tests
332F and 333F the effect is minimal. In both cases the displacement component
due to rotation is small compared to the displacements to be measured when

the clip mounts are close to the skin surface.

Two sources of information supply verification for the Stage III motor ctse.
Reference 9 is a test report on the Stage IITowseparation joint. Data
contained in this report indicates that the slope per unit line load at the

J forward clip loca ion on the Stage III motor case (Station 258.3) is approxi-
zo mately -1.2 X 10 radians/lb/in. Preliminary data from a model of the jlint

used in the stiffness method of analysis indicates an angle of -1.5 X 10
radians/lb/in. At the aft cli2location (Station 317.9), this model
predicts a rotation nf .1 X 10 radians/lb/in. From the analytic~l model
data, the relative angle that has reduced EDI output is -1.6 X 10" radians/lb/iz

This contribution to the EDI output is less than two percent. Although the
g magnitude of this angle may be someuha.t in question, it is important to note

that the correction for clip rotation tends to increase deflections. Thus
au

the test values of AE and E1 in Table 7.6-3 for the Stage III motor case will
decrease when clip rotation is taken into account.

0

SThe error introduced into the EDI measurements is directly proportional to the
magnitude of the rotational component of displacement and inversely proportional
to the displacement to be measured. Thus the error is decreased when the
measured displacement is large, the rotation is small and/or the offset
distance of the EDI from the neutral surface is small. The first and last

variables are known, but the magnitude of the rotation is a function of the
geometry of the joint, the load, and the clip location relative to the joint.
Preliminary test and theoretical data form a basis for the following estimates
of percent error due to clip rotation. The joints of tests 332-F and 333F
are least affected by clip rotation due to large displacements relative to he
rotation component, and the small EDI offset. For these joints, the test
values of AE and El in Tables 7.6-2and 7.63may be up to twenty percent too zmall.

The sectiovs of test 332-F and all stiffnesses except the II-III interstage
forward bay of test 345f are more seriousl affected by rotation error. The

rotation is a significant part of the deflection measured. The former
because the measured deflections are small. The latter because the EDI's are
offset from the skin surface on post mounts which accentuates the rotation
displacement component. The test values of AE and E1 may be up to fifty
percent to small for the joints and up to one hundred percent too large for
the sections.
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7.8 CONCLUSIONS AND RE0ON4ENDATIONS

1. The stiffness tests were completed satisfactorily with stiffness data
obtained on all missile sections and joints forward of the second
st ege motor.

2. Joint rotatiov has been identified as an important contributor to the
stiffness of the joints.

3. The method of stiffness measurement used in this test should be
modified on future tests to incorporate instrumentation to meas-zre
local rotation of the EDI attachment clips.

4. It is recommended that the test stiffness values for the third stage
motor and the joints forward nf the third stage be used in future analytical
studies.

5. rhe test stiffness values for the 2-3 interstage and the missile sections
ferward of the third stage moto. should not be used without correcting

z -o for joint rotation.
-J

• 6. It is recommended that further analysis be performed to establish models
for stiffness evaluation of Minuteman joints.

zb
-

Uj

0

SHFFT "7Q
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.- L ~ T2-3657-1

TABLE 7.1-1 STIFFNESS EVALUATIMe TESTS-CONDITIONS & ITEKS TESTZ

TEST LOAD CONDITION JOUTS AND SECTIONS TESTED

343F #1. Pure tensionJoints gapped D1. I-l11 interstage aft

#2. Pure bending, joints gapped inter-face joint

#3. Compression, bending, shear D2- 11-111 tnterst&&e aft bay

joints gapped D3. II-111 nuterstage staging

#4. Qxpression, bending, shear joint

joints butted D4. II-III interstage forward
bay

D5. 1U-Ill interstage/stage III
separacion joint

332- #1. Pure tension, joints gapped D1. Stage IV motor case
(shroud #2. Pure bending, joints gapped D2. HGS/rFbrA interface rin
on)

#3. Compression, bending, shear D3. NGS
joints gapped D4. MD 7E/MGS Interface Joint

05. NO 7E Waferf4. Compression, bending, shear D6. RS aft/HOD 7E wafer inter-
joints butted face ring

332F #1. Pure tension, joints gapped D6. RS aft/HOD 7E wafer
(shroud interface ring

a off) #2. Pure bending, joints gapped

#3 Compression, bending. shear
joints gapped

#L Compressiz.., bending, shear
joints butted

333F R1. Pur- tension, joints gapped Dl. Stage III aft interface
(shroud rn
(hon) #2. Pure bending, joints gapped D2. ring

23n 2 Stage III motor case
#3. Compression, bending, shear D3. Stage Illfrlseparation

joints gapped Joint

04. Compression, berndi.g, shear D. R/S aft/MGS interface joint
joints butted

333F #1 Pure tension, joints gapped D4. R/S aft/MGS interface joint
(shroudoff) #2. Pure bending, joints gapped

#3. Compression, bending, shear
joints gapped

14. Compression, bending, shear
joints butted

U3 4802 1431 REV. 6/6S SHEET 708
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tLP17

----- STATION - rA A

STAGE III . .1

'JoCr r AZ? STAIO
:i j-P- 464 36.2

L- 46.48 103.7

-- D4-
STG M -OME STATIONZhU TAIO

* . : RUNS L-i 46.48 3.25 #

D1XX -0 63 26.48 -26.5 263 7
-10.26. 26.48 23 .151

'5 0

Il-I!!~~- 6-fl 331.9 202rD2 QD d~
X-20Z 26.3- 2Cb5 26 ~ 06O 2

JOX D 3 mX- 2 9 26.3 26.5 - 2 . 26.3 700

---S-110 X 9 26.3. 26.5- .26.5 26.3 1100
335.7 ~ -337 26.3. 26.51. 26.5 26.3 337 0

STAGEN AFT9 BAY.265 265 2:3 25

35.7
-1 i NTR- D-X _____

STAGE AFT Arfli

INTERFACE -D*NMBRCD

JOINT it 1

jTSTTINLOCATION LOCTIO

:.I *EDI: ELECTRONIC DEFLECTON INDICATOR

INITALS DATE IN IT. A L DATE TITLE MODEL

CALC -Z( _I4
CHECK / Q).124IIID FIGURE 7.112 TEST 345?

U3 4013 &OREV I I

REV IT__________ INC .T2-3657-1
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I/ AI/D 1 6J

I/S AT/HO IE"'op1 -L!.

-HO 7WAFR 2 ----- IVE)

INTERFACE J1LP3 465 927

2205 8

Has STTIN AC r AZIMUTH AIO

HOD - - - - a ~.. . .3 16 5..102
71/HSTAIO - 322 6..022.

- T~ACDX~L-3 81. 2.75L.
* 12D-4165 7 4029 0

____ SATOK DL -17 2-- 6. O 17:

INEFC RI.-j - STTd 26.0 . 26.5

DX-36_-..-60 370

DX-381 26.0 819.5

HGSJP~P -- - .D2-XXX D26 2; 1.

rap FaT li6O 307.0

- ~~SATION D-31 2. 395
* .~~~397 !- _. T_ _ _ _ _
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I INIOTITIO
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CHECK ~2~A&ql___FIGURE. 21-3 TEST 332F
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L-I3-J;ED[ CLIP " _-8

.STATION

D6-XXXA

R/S AFT/N)D 7E 4 4A 00

WAFERAE D6-XXXAWRFACE

RING L-

STATION
-.-.-... ---- -220.5

MOD 7:

LJACK - r AZIMTh STAT ION
LP-5 46.0 216,5 ---
LP-6 46.0 36.5 --
LP-8 36.5 146.33

EDI* r AZIMUTH

DX-36 26.0 39.0
DX-81 26.0 81.5

" DX-126 26.0 127.0
:"DX-!71 26.0 171.5

DX-216 26.0 221.0
DX-261 26.0 262.5
DX-306 26.0 307.0
DX-351 26.0 34 9.5

ED[ NUMBER CODE

."VERTICAL HORIZONTAL
LOCATION LOCATION

SECTION A-A -....
-- -- *-EDI: ELECTRONIC DEFLECTION INDICATOR

IN TALS ATS REV ay

C NIIAL DAT IIIAEDT TITLE MOOIL

CHECK- )_ __ _ - FIGURE 224 TEST 3331
*PO ___ _ _ _ _ _ _
t/3 4033 8000 2EV ;16

REV LTR ____r_______3 T2-3657-1
ISH 711



j.-:~~ii 7:-- .. ~T

0
R/S Afr/NGS 7 -0

. . . . . . .............

..SrAT Off
I - :227.6 ___ __________

- .JACK r AZIMUTH STAT ION
IATIN L 465... 160.25

LP-2.

* . ~~LP-3 .46.5 . 9.5 --

LP-4 -46.5 '340.25
* I.-.Lr- .-- 36.50 152.02

SEPARATION D3-XXXC ~ -~*

S-. DX-36 26.0 -35.0

2., 260 .81.5
DX-1620 129.0'

:.DX-171. 26.0 171.3
STAX- 216 7- -26.0* 219.0.

STAGE-III DX-261 26.0' 261.5.

wo.CASE;",- D2~ OX .306--- 26,.0. .307.0

DX-3MI 26.0. 349.5.

STATION

STAGE III. .V

AF .. EDI* NUM4BER CODE
fINTERFACE . nixxx

VkR. CAI: ~ HOR IZONTA
___ _____STATION . LOCATION ILOCATION

. 3:21.8
S4cTIO4 A-

- *EDI: EiECT1 DNIC DEFLECTION INDICATOR
INITIAL$ DA7E REV BY DATE TITLE MODEL

CNECK ___ FICURE l1j TEST 3331'

I I- t (SHROUD ON)
U3 4C-15 11000 REV 1/66

REV LTR..____NO__ T2-3657-1
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SAION: J Pr
?20.6_

04-XXX

DMERFACE.-
RIMG

F-1_ ... . . : . -, I . , I ::- -

227.6

...I.. i jAC r AZIMUTH STATION

I~~!- ._____. -I. A6..0.. 216.5
LP-6 J46.0 15.5

LP- --- 36.5 1140.33

:T

DX-6 26.0 39.0.
D81 26.0 81.5

WX12-- 26.0' 127.0I j ~ -OXI1 26.0 171.5;
DX 26*-.-- -26~- 221.0. -I- D 26126.0 262.

I ___DX-306 26.0 307.0'

IDX-351 . 26.0 349.*

I ~ j NE COD

- S . * I - XX

YETIA HORZCT

LEI: EL EC- IC DEFEMROENMA

I. INTA

*ED] ELECRONL DEFECTON 1DIATO

N[C f __ FIGURE W& TEST 333?
______ (SHROUD OFF)
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JACKS PRODUCING
AXIAL & BENDING
LOADS (SHROUD ON

JACKS PRODUCING
~AXIAL & SENDING

SHEAR JACK

FORWARD LOAD HEAD
FRUSTUM LOAD HEAD

i JACKS PRODUCING -

AXIAL & BENDING TEST SPECIMEN
LOADS(SHROUD ON)

w

AFT LOAD HEAD

FIGURE 71-1 LOAD HEAD SCHEMATIC
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NUMBER T2-3657-1
REV LTR

(

100% tension 100% moment

time time

Run #1 Pure Tension Run #2 Pure Bending

100%s oment
100% compression

I-

100% shear
I-

time - -

Runs #3 & #4 Combined compression, bending, shear
tL.

FIGURE 7. 31 LOAD SEQUENCE

SHEET 715



-~~~7 - -p -_'~

---- I-- I LAD'UNLOAD

_RUN 4: e
I I FUN 4*4 A

eOOOO - -

x (IL~ N)I

jZ4.0 -. 0 2.0 40 60 80 1-

UNOA 1-e 0

NOTE DEL~tIO'4- - .,;E) FRpO O MSAIN3857

A-P. DIPAEET STG Iii 7

APD MOO CASE.---- TEST--- 333

I.Moi I.-

U30 -210 800 REV- 1/46660 .01

RIT fol I NoO T2---657-1
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t Tr&T 333-F: (SHRWDJ 00')
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to . .. .. ..- -------- - -
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- i~ 'i-Ib) - A Maxdwza Rotations, (frcau Figure 7.4-3)
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NUMBER 72-3657-1
- ,~ REV LTR

8.* SAMPLE CALCULATION!S -LOAD31

al LANNCH TEST CALCULATIONS-LOADS

CALCULA I ON OF THE 3 33 -L FAI LU RE OVERPRESSURE Gp
AND AXIAL COMPRESSION (P) LOADS kT STATION ZZ5.3 ARE
5HOWN.THE RECORDED OVERPRES. (AT STATION 196.0) AND
HYDRAULIC JACK COMPRE5SION LOAD ARE FROM REFERENCE .3.
THlE LOAD GEOMETRY I5 SHOWN IN F16URE 3.4-1 . 114 Cl.LCUU-.TfNG
THE AXIAL COMPRESSION (DUE TO OVERPRESSURE IN THlE V-13,ND
kftEAA (AROUND !STATlON4 ZZI. ) IT WAS A.$SUWAED T"AhT THE RIS
RING WAS COVERED WiTH SE ALANT TO A DIAMETER OF5.

OVERPRESSURE (6p)

,If 25.9 (P51) = AfSR L+ (STA. Z Z5.3 - STA. 196X DEN ITY OF HO)

&fz,5. =Z9. f7 + (2 Z5..3- 196.0) OZ. 4

50.130 PSI

AXIAL COMPRESSION LOA.5

A PORTION OF THE FRUSTUM AXIAL COMPRE51ON AND tkLL BUT
THE SHROUD LOAD ADAPTOR WAEIGHT OF THE SHROUD kXAL COM-
PRESSION RE5ULT5 FROM THE OVERPRESSURE.

DUE TO THE OVERPRE5SURE (Pb)

*- Z 5. 3 - oZIROLJO+ VRUFft lJI

J65 (Ib5) = po ( AREP)I ± L%2Og.3 (AREA)z - b'P 2 2 0 .6 (AREA)_,

=Z9.75(&51.OZ)z2(1.,93j.R + H LJ
- i 3 0 6 6 ) (( 5 2 0 )' -..(5117)1) r

4-

Fos(K IP5) = 54. E4 + Z.539-2.06
P015 - 55. Z7 X(IP5

~Fo'=(I bS) = Ap 1  G(PE/-\) + Ap 220,6 (AREN)4

CAL6 GD6 111-8-5 PAGE MPLE CALCULAIN-0bCHCI33LANH .-



7
NUMBER ,Z-57-I

ffLffAr'"iM co .A',, REV LTR

THE TOTAL AXIAL COMPRESSION THRU THE 5HROUD

i"~ ~ ~~N t " -''{KPS): 5 5.2-/ "+ 0.6[

! ~O - 1=55.97 KIPS

WEIGHT OF THE SHROUD LOAD ADAPTOR

THE TOTAL AIAL COMPRESSION THRU THE FRUSruiM

Pr (KIPS) = 8.1' + 1.05 P' + IZ.O " 0- >

P - Z.Z3 KIPS

WEIGHT OF THE FRUSTUM LOAD DAPMTOR.

LOAD INTRODPCED BY FRUSTUM HYDRALIC JACK. (ON-Tk-REF.5)

AT 5TAT!ON 225.3 THIS FRUSTUM t SHROUD AXIAL COMPRESSION LO/DS
.HAVE *COMBINED DIRECTLY.

z 5 ,3 1""S) -= 55. Rl+z/Z3

771.1 KIP5

T14E FOLLOWING SAMPLE CALCULATION- REDUCE THE FAILURE LOADS

OF AXIAL COMPRESSION 4 OVERPRESSURE TO A COMPARABLE

PERCENTAGE OF THE B5D EXHIBIT 66-6A DESIGN ULTIMATE LAUNCH

LOA05.

THE CALCULPATIONS FOR THE MGS SECTION P\T STkTION ZZ5.5 NRE SHOWN:

LOAD5 OVERPRES$URE (PSI) kWFkt K

EXHIBIT z 7.

TE5T FAILURE 30*7
LOADS _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

THE MGS IS MADE OF MAGNEIUM WITH A, MODULUS OF ELAS -

TICITY (E) OF 6.5 .IO I bS.

IN."

INITIALS DATE NIEvALS DATE TITLE MODEL

-__ o_ _ _ w 1 AMPLE CALCULATIONS
____333-LAUNCH-ATEST.

APPO.

x-t 96 on, 7/ PAGE 601



NUMBER "Z-'S1-'
, AIE',PA co--,v REV LTR

( .j SAMPLE CALCULATIONS (COT r

RADIUS - Z6 INCHES MG5 SECTION

Lt '- .54 INCHES
Lz. - 5.50 INCHES STAfZ53

THE OVERPRESSURE RING ALLOWS
THE LrTO BE USED TO CALCU-
LATE THE CRITICAL VALUE OF Lz (APPROX.)

OVERPRESSURE. Lts . APP1x

T14E MINIMUM GA~GE = .09lb INCHES
OF THE SECTIOf L, (APPROX.)

(WERPRES5URE.
RING

CRITICAL AXIAL COMPRESSION 4

Le 9.54 . 0.:367 R 626 -- 6.
Z6 .0O.OS

; ~~E " = E( 1. - 5 x to 3 _-REF:8DM 84 F1
-$3I3,2,- STA. Z38.5

=6 " 6X. 06(1.5 XO REF PER AIN DRWG.

F = Iz.03 XO 3 # 8537-400001-I
INZ

PCR(KIP5) = Zr(R)(/tm,4,(F)

zrr (26".o99)j 2.03 ,j3)

Pciz 194 KIPS

CRITICAL OVERPRESSURE

zL- (LL-)Z(-937) ___.4 _ REF. aDM 84.;I

(R) ( MIN)

ZL (5.4)z (.937)
(z6) (.o )

INITIALS DATE INITIALS DATE ,, TITLE MODEL

_cLC G_ W 11-12-8 G_ _ 11-2- S PLE. C/kLCULATl DMS

CHECK _33- L TEST

APP O. l
APP o.

x-6196 (,,Z, P/ PAGE 30'2,

X-6195 (m 7/C



I I 'I.

NUMBER T2-3657-I I

REV LTR

SAMPLE CALCULATIONS (CONT.)

2L --10. 59

Ky 4.5 REF: WDM 84F ASSUME 5IMPLY
PAGE 3Z3.Z.i SUPPORTED EDGE5

R (PSI) -. 9Z5 'Ky)(LrMj,4) J5 E

I;
(R)(L 2 Is

PC Ft, (.92 5)f4.5)(.099)3(6.5)106)

(26) (5.5)

PcR 8.35 PSI

USING THE INTERACTION FORMULA FOR DETERMINING CAPAe3ILITY,
WE FIND Xo/% OF ESD TO GIVE ISAME CAPABILITY A5 THE
FAILUP.E LOADS.

),)
I,~~ 12 L4

(.618 x) 'z + (.as61%)'  = (.925) ' + (.3,9) 'Z

X"(.621 +,301) (.9,,)+ (.33 )

x = 1.54

IN PERCENT,

x;, I Z . .. ./ 5D DUL

INITIAL* DATE I ITIALS DATE TITLE MODEL

I!) CALC GD QWtL 21- _ SAMPIE CALCULAPON5
C.ECK _ 1-__ ____ 33- LAUNCH "',5T

x-61, o., 7/ PAG6 P A G



NUMBER TZo ,-1

Afff, "W" COMPANZ ,REV LTR

S. Z FLG HT TEST CAJL.TION* -LOAD5.1 ,.
8.Z.1 .333-F TES'T CALCULATIONS'

CALCULATION5 OF AXkAL COMPRESSION ,eENDI.,G MOMENT
t.SHEAR LOADS ON THE 5PECIMEN AT STATION Z57.4 AT
55 S5ECONDS OF PHASE I ARE 5HOWN BELOW. THE JACK
LOAD5 WERE TAKEN -ROM REF. 4. -SEE FIG.5.4.1-1 FOR GeOMETR'e.

HYDRALIC Z[ jI
_)AC_______ 1NO 16Z .39 4486 5 6

LOAO(HWIP) Z.19 Z-711 1.611.011 6 V.454.6

AXIAL COMPRESSION LOAD5
XP _ (;YO.jACK), + Z.O + 3.3 + 3.084 + I.624[]

P = 10.93 + 5.- + 4. 1i

4P Z0.94 KIPS

THE Z.O KIPS1 3.3 KIPS DEAD WEIGHTS SIMULATE THE INTERNAL
STRUCTURE LOADS OFTHE MG5 PBPS RESPECTIVELY. THE
5HROUD * FRUSTUM LOAD ADA,'TORS APPLY LONDS OF 3.084 KIPS

1.624 K I PS,

BENDING MOMENT

M(IN-KIPS) COUPLE-MOMENTS + SHEAR MOMENT

F;,M, AKS 4-z2 5,?+ [XJAC K(- 5)J46 +t(.257,4 - 5W,0Z)JACK9 + (257.4-146. 3,5) JAC K8

M = (-Z,4Z Z5.83 .;-(-.19)46 t 9.9.38(14-.865) + (I11.05) .495

M- 1461.0 IN--KIPS

SHEAR THE 14.86 KIP5 ON THE 5-'ROUO 4 495 KIPS ON THE
FRUSTUIA(JACKS 9 8) COMBINE AT STATION ZZ5,3 TC

_-Y.E A sHEAR OF 5_6 IPS.-

INMTAL3 DATE INITIALS DATE TITLE Fc)'Lej

-_ r _-SAMPLE CALCUL.ATIONS -LOAb S

CHECK 2 - F PROGRIMMMED TEST

APP 0.

X-FA96 Uri 7/6 PAGE 6.04-

I . . . . . . . . . . . . . . . . . . . . .



~ CO~AEV LTR

( SAMPLE '--L0)LPT,0N- (colT-)

CA.LC.ULAT0ONCF THE UlNEL0ADGNT'ilE SPECIt.'EN ALotNG THE AlfNMUTH
OF -!'HE MAXIIMUM LINE LOP,0(3G6O3O'AZI~tVTH 'JIS 61 0-I.THE L-PA[D$
Uc5El. ARE FR<OM THE WIND SHE A.R CONDITION KT STATION- Z57.4.

LiNE LOAD 'jib5D AXIAL t(Y)MtqP. +- eEND.MoMA. COlS(:A5303'-9j
INi CIRCUMFERENCE AREk~

CIRCUMFERENCE AND AREA ARE OF THE CROG5 SECTION kT 5TATION
X57.4. THE RADIUJS tS Z6 INACHES. E)BBO

20ZO94 4- 146 1.0 COS 0 'I.163 2,24

I=128. 5 1- 6 67. 7

Ax.

CALCI1~~O~ 6 __, F3AtM PLE-- CALCLATIONS

PAGE &0Q7/0'~~Or



I€

1"i ABERTZ3c51.
lAVA. 'F" o. RL-V LTR

(%.Z 345-F TEST CALCULATIONS-LOAD CAPABILMIE.

CALCULATION5 TO REDUCE THE__ FAILURE lI-n" II4TERSTG.
LOADS OF AXIAL COMPRE$ION E,,ENDING MOM- AFT BAY
ENT ZHEAR TO AN EQUIVA_ .T PERCENTAGE
OF THE FIGURE A 6660 CESI6IN ULTIMATE LOADS
ARE AS FOLLOWS:
L 10. .51 INCHES E 10.7 X10 6 FOR l
R =Z6.O INCHES L = .404 R = 238

R "IMN  J

CRITICkL AXIAL COMPRESSION

Fc = (,.eo xo-3)(C) . F. DM4F I F 1

i' ( 1142) PAGE 3I.2.1 ""

Fir =- 11.o12 10 3  1bS -
IN'

PCR= FC (z-T) R (tMI) LI
Pc , I PS) = 2T'(iRl(t,M,N) F._J

PCR =  zf(Z6X.109)(.IzxYo 3 )

S P = 305 KIPS REF. DRWG.PER BOEING

---- 5Z.5 - 6082'7

CRITICFkL 6ENDING MOE'ENT

F8 (lbS.) Z.IZ X10_3 (E) REF. SO0M84F1
INZ) 'PAGE 316. 2.I

FB = ZZ 6X0 3 1b5
INZ

M C, ( IN - 1/,1PS) = F e  (TT R l )(:I

MCR 54' tl - KIPS

CRITICAL SHEAR

F v  -= (1.4)(\ 10 )(E) .. ,REC: BDM549FI

F, = 16.0.9 y 10J 3  1 U PAGE 315.Z.I.I

VCR = Fv ( r)R(iMN)

\CR = 142 6 KI PS

INITIALS DATE INITIALS TITLE MO'EL
C Ac ,./0w _CO.TT I1--_9 _AMPLE CALCULATIOt4S
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.~ CO~~A~vNUMBER TZ-3657-:

( ~ I SAMPLE CALCULATIONS 'CONTAi
TABULATIO14 OF FAILURE LOADS t FIGURti A(1000/.) LOAD)S hT5TA.35S).[fAXMALCOMP I BEND. M1,OM. ISHEAR

LOAS I87.6KIPS 1 3ZefIS13 53KP

F I U E 2 1 K IPSD , 0 0 0 IN - K P S Z K I P S

U15ING (NTERACTiOti FORMAULk FOR IDETERMINING CA0PABILITY,
WE FIND X%0/ OF THE F IG. A LOADS TH kT G IV E THE SWA E
CAPABILITY AS THE FAILURE LOtNDS.

~2.X 1.5000 12j X g [(7.6 1 f ZI5 g
IN5Zy IW42.!J 305 K t24s 8 14Z. 61

X = .1168

Ff FG. A = 1S6. 1 010

CALCULATIONS FOR THE REDUCED CAPABILITY OF A MINIMVI
GAGE 'SECION ARE AS FOLLOWS:

TO CALCULAF THE CRITiCAL VALUE5 OF AXIAL COMPRESSIONI
BENDING MOMEFNTr -I SHE-AR USING ACTUI\L THICKNE55.

S.404 RS Z34

CRITICAL AXIAL COMPRE5SS.ON

F~Ib')=1.6r8 X 10-3(E) REF: BDMA84 FI
PAGE 3&.

F I= .7.58 yX10 3 lbS.
IN7

Pa (KI PS) =Fc_( ZTT) R ( ECT)

PCR =(117. 96 yI0 3)( ZT)(Z6)( .1/1)

INTA3 DATE INITIABy DATE TITLEMOE

CALC AL GQ 1f&'GIW I1Z- SAMPLE CALCULAXIONS

CHECK -1-i1. 345-F FAil-URE TEST

PAGE 607



( .- SAMPLE CALCULATIONS (CONT.)

pct=3Z6 IP5

r-RlgIAL BENDING MOMENT

Fi Z. 1-7 Y10 3 (E) REF. 5DMV 84FfI
PA6E 316. Z

F8 ~ Z5..ZYI1 3 IbS

MCR (I N -I PS) =F5 ( TI Rz)(k-Ar)

M = Z3.2zxjo 3 (rrZzJ(.jjI)

Mc 5 471 IN-iP6

CRITICL 5HEAR

r~v(IbPSl) 1.4 (f'f'( E) xlo.3 REF. BDM54 F I
V-1 -NzPAGE 310.Z.1.1

() = 6.413 1bS
I NZ

VcR XI4-5 = KIT7()(Scr

P, TABULATION OF THE CR~ITICAL V/ALUIES DETERMINED FROM
iAC- CALCULATION ABOVE CALCULATIONS IN A PRE-
VIOUS 'SECTION 15 5HOW~N:

cAS GAGE CRIT AXIALCOMP. CRIT. BEND. MOW. CRIT SHE7PI

.11 -II IN, 326 KiPS 5-47 IN-PKIP5 4A). z kIc

FIGURL A 6560 DUL_ 'Z5HJN ON 5HEET b0_7 COMPLETES THE
VALUES NE.EDED FOR T1HE RINTIO OF THE INTERA CTION FORMULA%
OF CAPA61LITIES.

REV m

INITIALS LDATE ONT~ ATE TITLE MODEL.

CALC W-te_ __ I__ I__- SAMPLE ClM,.CULATI14
cHECC ~ 11L~__a__5 FAILURE 'TEST

APPO. I I

~ c~n~ 7/68PAGE ~Q
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NUMBER TZ-3657-I

A WA. ,W" REV LTR

SAI-'LE-. CALCUL.ATIONS (CONT.)
FIG. A LOAD5

MIN. GAGE FACTOR (.i =- ,AcC ITICALLD5

• • FIG. A LOAD5
!M I (- ICAL LOADS)

3Z6 f54'1 I + , -Z)
MIN. G/-GE FACTOR - 62. g 3000 4- 2

MIN. GAGE FACTOR 0. 552

CAPABILITY OF A, MINIMUM GAGE 5PECIMEN

.95Z (116.8) 1 'Ii FIG. A OUL

- -
1  

REV BY ITEMODEL

INITIALS DATE INITIALS DATE TITLEIMODIL

9 CALC GDw S11B# _AIMPLE CiNLCULAION

cECK _ _- u- 415- F TE5T

APP0.

PAGE 809
aX-6196 cwi 7/68
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